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Roots of Colophospermum mopane are infected with bacteria that 
resemble rhizob ia but also show similanties with Frankia spp. The 
Infection causes continuous degeneration of infected roots and 
stimulates the development of new lateral roots . This results in the 
formation of coralloid-like outgrowths that resemble cluster roots or 
proteold roots. High densities of bacteria l colon ies, embedded in 
slime sheaths, occur on the root surfaces Infection takes place 
during early root development and bacteria were observed in 
young , undifferentiated cells behind the apica l meristem. In 
response to the infection, the infected host root cells deposit cell 
wa ll material so that the bacteria are contained in th ick~wa lled 
cells. We propose that the root clusters be regarded as primitive 
root nodules 
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tOlop/tospermlffl1I110pal1t! (K irk ex Benth.) Kirk ex Leonard is a 
legume belonging to the subfamily Caesalpinioideae. C mopalle 
has an extensive su perficial roo t system with a root biomass of as 
high as 29 790 kg. ha·
' 
(Sm it 1994). The highes t concentrat ion of 
mopane roots occurs within the fi rst 600 111111 of so il (Smit & 
Rethman 1998). These roots are characterized by coralloid-Iike 
lateral roots that consist of small rootlets of indeterm inate 
growth. They are reminiscent of cl uster roots or proteoid roots 
found predom inantly in the Proteaceae, but also in some mem-
bers of the Fabaceac (.1".1. ) (Skene el (II. 1996 ). The development 
of these roots seems to be microbially induced and shows 
similarities with root nodules. 
Many members of the subfamily Caesalpinioideae apparent ly 
lack the ability to produce root nodules (Allen & Allen 1961), 
but according to Corby ( 1981) there is much confusion about the 
occurrence of nodulation in the Caesalpinioidcae. Grobbelaar 
and Clarke (1972) investiga ted pot cuhures of a la rge number of 
indigenous legumi nous species for the ability to produce root 
nodules. Only three species were consistently fo und not to pro-
duce nodu les. One of these species was C mopcl11e. Basak and 
Goyal (1980) also found that C moprme was unable to produce 
root nodules in pot cultures. However, roots that grow under nat-
ural environmental conditions were never investigated anatom i ~ 
cally ill previolls studies. The aim of this anatomica l study was to 
determine if there is a correlation between microbial infection 
and the coralloid-like lateral roots o f C lIJ opal1e. 
Roots of C 11I0pal1e were collected at the rvlessina Experimen-
tal Farm in the Northern Province, South Africa. The material 
was fixed in 4% aqueous (m/v) paraformaldchyde, dehydrated in 
an ethanol ser ies and embedded in glycol methacrylate (O'Brien 
& McCully 1981 ). Sections were cut on a Leica RM 2055 ultra-
microtome and stained with haematoxyl in (O ' Brien & McCully 
1981) and safrani n or with 0.0 1% cresyl fast violet in 20% etha-
nol (Keati ng 1996). Micrographs were taken with a Reichen 
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Univar photomicroscope. 
During early stages of development of the coralloid-Iike root-
lets, they vaguely resemble astragaloid nodules (Corby 198 1) in 
that they appear club-shaped and variously lobed (Figure I). 
Soon after their emergence, cel l divisions occur in the lobes and 
as these grow out, they give rise to small rootlets. Wi th the out~ 
growth of the rootlets, the resemblance with an astragaloid nod-
ule is obscured. In C. mopane the life span of each root let is 
relatively short, and as the older rootlets degenerate, they are 
constantly being replaced by new rootlets that originate from the 
apical lobes of a lateral root. The entire coralloid structure con~ 
sists of nev ... ly developed rootlets encased in remnants of the 
ol der, degenerated ones (Figure 2). 
The ephemeral nature of the rootlets seems to be induced by 
bacte ria that constant ly infect newly formed rootlets in the region 
behind the apical meristem, and cort ical cells adjacent to the vas~ 
cular region. Large bacterial colon ies arc often found on the root 
surfaces (Figure 3). These bacteria that infect the cortical cells 
resemble rhizobia. The infected region is surrounded by unin-
vaded cortical cells (Figure 4). The bacteria are enclosed in 
structures that resemble infection threads (Figure 4). These struc-
tures are persistent in that the bacteria are not liberated from 
them in the fo rm of bactero ids. Some cells are enti re ly invaded 
by bacteria that are not enclosed in infection t hread~ like struc~ 
lures. During later stages of infection a thick layer of host cell 
wall material is secreted around some infected cells (F igure 5). 
These th ick-walled structures prevail as the remaining infected 
tissue degenerates. The newly emerging lateral root then com-
presses the th ick-walled structures and the degenerating root ti s-
sue. Bacteria not enclosed in cell wall materia l are liberated from 
degenerated cells to repeat the infection process. 
If the infection is produced by rhizobia, the enti re infection 
process is anomalous in that root hairs are not involved in the 
infection process and in that bacteria remain enclosed in infec~ 
tion threads . The infection does, however, resemble that oftypi-
cal caesaipinioid nodu les (De Faria et al. 1987) as well as the 
nodu les of non-leguminous Parasponia species (Price el 01. 
1984). There are also certain similarities with infection by FraJ1~ 
kia spp. but it is genera lly assumed that Frankia spp. do not 
infect legumes (Schwinter & Tjepkema 1991). 
The bacteria seem to gain access to the root via cracks and 
openings in the epidermal layer of the root. The absence of root 
hairs in the infection process does not detract from the possibili ty 
of a rhizobia infection in C. mopane. In Arachis sp. (Chandler 
1978) rh izobia invade the root th rough lateral root junctions. 
Infections via routes other than through root hairs may be far 
more common than presently acknowledged (De Faria ef 01. 
1984 ). 
It is proposed that the coralloid- like st ructures found on the 
roots ofC. mopal1e be regarded as nodules. Branched nodules are 
regarded as primi tive and are commonly found in the Caesalpin~ 
ioideae (Corby 1981). Some caesalp in ioid nodules resemble 
those of primi tive papilionoid genera of different tribes that are, 
similar to C mopane, woody and indeterminate. Unlike the typi-
cal aeschynomenoid type com monly found in legumes, infection 
threads are regu larly present in the infected tissue of primi tive 
types. Primitive nodules often coma in numerous vascular 
bundles with many, thick-walled .xy lem elements. 
As tragaloid nodules are often difficult to recognize as nodules 
due to their root-like nature (De Faria et 01. 1984). This type of 
nodule is generally considered to be primitive and occurs mostly 
ill the Caesalpinioideae (Corby 1981 ). However, a number of 
Caesalpinioid species invest igated by Dc Faria el at. ( 1984) 
could not be classi fi ed as as tragaloid due to the sizes and speci fi c 
branching patterns of the nodules. The root nodu les of C 
lI/opol1e essen tially consist of an aggregation of lateral roots and 
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Figures 1- 5 Light micrographs of roots of C mopane. I. External morpho logy of roots. Scale bar = 5 mm _ 2. Transverse section through 
nodule to show the emergence ora new root (nr) . Arrow indicates thick-\valled structure in senescent root. x 200. 3. Bacterial colonies on root 
surbce (arrO\v). x 1000, 4. Bacteria enclosed in infection thread-like structures in cortical ce lls (arrow), x 1000. 5. Thick-walled infecti on 
thread- like structures in senescent roots (arrow). x 1000. 
although they show sim ilarities to the branched types of nodu les 
discussed by Corby ( 1981 ), they do not entirely fit the 
descr iption of astragaloid nodules either. 
Although C mopalle roots may be infected by rh izobia, it may 
not necessarily mean that a nitrogen-fix ing symbiosis is present. 
Some strains of rhizobia induce ineffective nodules that lack hae-
moglobin. Further investigations are currently under way to 
determine whether the nodules are nitrogen fixing . Even if a 
symbiosis is absent, the bacteri a may be beneficial as they seem 
to induce the continuous development of new roots that may 
have important impl ications for mineral uptake. 
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New chromosome number records of 
South African Oxalis species 
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Chromosome numbers of only 49 Oxahs L taxa have been pub-
lished to date , of which just 23 represent southern African taxa. 
Chromosome counts for the fo llOWing southern African taxa are 
recorded here for the first time ° bifida Thunb., O. hirta L. vaL 
tubJflora Salter and 0 sem/foba Sond A third record for O. trunca-
tula Jacq is also presented here. Two prevIous counts fo r th is spe-
cies have been publ ished , one revealing a tetraploid and the other 
a hexaplOid condition. All fou r taxa included here have a basic 
chromosome number of x = 7. 0 . bifida and o. truneatula are both 
diplOid , whereas O. hirta vaL tub/flora and 0 , semi/cba were both 
found to be tetrap loid . The dip loid form of O. truneatula found here 
completes a polyploid series (2x , 4x and 6x) in this species. It is 
concluded that karyological data can greatly a id our understand ing 
of the massive diversification and speCiation of Oxafis in southern 
Africa. Further cytological studies are recommended 
Keywords : Oxalidaceae, Oxalis, basIc chromosome number, 
polyplOidy 
-To whom correspondence should be addressed , (E-mail' 
!d@land sun ac.za) 
Oxalis L. is the largest genus in the Oxalidaceae, including about 
800 species. The genus disp lays two centers of diversity, one in 
south-centra! America and the other in southern Africa (Marks 
1956). Salter ( 1944) completed the most recent alpha-taxonomic 
revis ion of the southern African members of the genus. He rec-
ognized 208 species, including several varieties, which he 
arranged into 11 sections. A total of270 taxa are currently recog-
nized within southern Africa (Dreyer 1993). Cytological studies, 
for the genus in general and the southern African species in par-
ticular, have been very limited. Heitz ( 1927) listed chromosome 
numbers for 26 species, including eight southern African taxa. 
Chromosome counts for three more southern African taxa are 
given by Yamashita (1935) and one more by Warburg ( 1938). 
S. Afr. J. Bot 2000, 66(2) 130-132 
Marks (1956) completed the most comprehensive cytological 
study for the genus to date. He publ ished chromosome numbers 
for 24 add itional species of which 16 are South African . His 
work brought the total number of known chromosome numbers 
for southern African taxa to 23, representing a mere 8.5% of all 
the taxa in the region . He identified a basic chromosome number 
of x = 7 as the 1110st common condition in the genus. Basic num-
bers of x = 5, 6, 7, 9 and 11 have, however, al so been reported 
(Heilz 1927; Nakajima 1936; Wulff 1937; Warburg 1938; Rut-
land 1941; Marks 1956). Marks (1956) found that the southern 
African species di splay limi ted variation in basic chromosome 
number and size. but a fairly high occurrence of polyploidy 
(Table I). In contrast, the American species are variab le in terms 
of basic chromosome number and chromosome s ize. but display 
less polyploidy. 
The aim of the present study was to expand on the cytological 
knowledge of sou thern African Oxah.., taxa, concentrating on 
taxa from the Stellenbosch area , Chromosome numbers for the 
following three taxa were determined: () bifida Thunb. , 0. semi-
loba Sond . and 0. hirta L. var. lubijlora Salter Additionally, a 
thi rd count for 0. Iruflca/ula Jacq, was also undertaken . 
Mitotic chromosome counts were performed by studying 
actively dividing cells in young root tips. Suitable roots were cul-
tivated by growing plants in Standard Long Ashton nutrient 
medium (Hewitt 1966) at pH 6 in 20 liter hydroponics tanks aer-
ated with CO:!. Root tips were harvested after 7- 10 days in 
hydroponics and were pre-treated in 0.002 M 8-hydroxyquino-
line for 4 hours. Roots were then fixed in a 3: 1 ethanol and ace ti c 
acid mixture for 24 hours. This was followed by standard aceto-
carmine stain and squash techni ques, as described by Snow 
(1963 ). Five specimens of each species were studied and counts 
were obta ined from at least 10 cells per specimen. ChronlDsome 
numbers are given in Table I . 
Oxahs semiloba (section Cernuae, subsecti on Purpura/ae) 
was found to be tetraploid (2n = 4x = 28), with a basic chromo-
some number ofx = 7. This is in accordance with the basic chro-
mosome number reported for 0. bowiei Lind!. and 0. pllrpurata 
Jacq .. two species of the same subsec tion (Table 1). 0. pwplll"ala 
is also tetraploid , whereas 0. bOll'iei includes both tetraploid and 
hexaploid forms . 
Oxalis truncat/{/a (section Oppositae, subsection SlIbintegrae) 
was found to be diploid with a bas ic chromosome number of x = 
7. This is in teresting, as previous counts for the same species 
revealed te lrap loid (Marks 1956 ) and hexaplo id (Heitz 1927) 
forms. 0. {runca/Illa thus disp lay s a polyploid series, including 
2x. 4x and 6x forms. Cytologically, subsection Sllhintegrae 
appears to be very heterogeneous. 0 ilJcamata L. is diploid with 
a basic chromosome num ber of x = 7. whereas 0 imhricata 
Eck!. & Zeyh. is either tetraploid or octaploid with a basic chro-
mosome number of either x = 5 or x = 10 (Marks 1956). Salter 
(1944) based the delimitation of subsection Oppositae on the 
occurrence of two opposite bracts at the upper or second articu la-
tion of the peduncle, Bayer (pers. comm.) doubts the sys temat ic 
significance of this character, and regards this subsection as one 
of lhe most unnatural taxa de li mited by Salter (1944), Cytol ogi-
cal studies may. therefore, prove highly significant in the re-eval-
uation of subsection Oppositae . The karyolog ical differences are, 
however, not refl ected in the very uniform palynology of the sub-
section (Dreyer 1996). A 11 the included taxa have micro-reticu-
late to reticulate pollen grains, with or without intralu!11inary 
bacules. 
We fo und 0. btfida (sect ion Oppositae, subsection B!fllrca/ae ) 
to be diplo id (2n = 2x = 14), also with a basic chromosome 
number of x = 7. This conforms exact ly to the karyo logy of () 
smi1hiana Eck!. & Zeyh., the on ly other species wi thin the sub-
section for which chromosome coun ts are available (Table 1). 
